LAMBDR: Long-range amplification and Nanopore sequencing of the Mycobacterium bovis directrepeat region. A novel method for in-silico spoligotyping of M. bovis directly from badger faeces.
Introduction 25
Sequencing pathogens directly from the environment allows rapid epidemiological 26 studies to be undertaken in response to outbreaks of disease. Bovine tuberculosis 27 (bTB) is a progressive pulmonary disease of the bovidae that remains endemic to 28 many cattle populations around the world. Mycobacterium bovis, the causal agent of 29 bTB, can persist in the environment and this may contribute to further infection in 30 domesticated livestock and wildlife (Courtenay et al., 2006 , King et al., 2015 . Three PCR primer sets for the amplification of the 5 kb direct repeat region were 116 computed using PRIMER 3 (Table 1) . Estimated annealing temperatures both within and between primers were maintained within +-0.5 o C. Efforts were made to limit 118 cross species homology outside of the MTC using the NCBI database. Maximum 119 permissible homopolymer sites were reduced to 3 and self-compatibility was limited 120 to less than 2 at the 3' end. Primer tertiary structures and primer dimer formation 121 were analysed using Oligoanalyzer. No conformational tertiary structures or primer 122 dimers were permitted with a delta G greater than -6. Primer sequences are shown 123 in Table 1 . Amplification of the direct repeat region in environmental samples. 193 Six wild type isolates showed positive amplification when using primer set one.
194
Spiked badger DNA templates showed amplification at 1 x 10 4 copies g -1 .
195
Amplification of the direct repeat region was also achieved in a naturally infected In silico spoligotypes analysis 214 Successful spoligotypes were generated for all samples using Spo-Type V 2.0 215 (Table 3) . Spoligotypes for all non BCG strains successfully matched to existing 216 databases (Table 3) 
